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While deciding on the optimum design choice for the MST radar antenna, the 
following factors are required to be considered: directivity and gain; 

beam width and its symmetry; sidelobe levels - near and wide angle; impedance 
matching; feeder network losses; polarisation diversity; steerability; cost- 
ef fectiveness; and maintainability. 

The scope ot this note will be restricted to the directivity and related 
beam-forming aspects of various antenna elements and also the directivity 
aspects when such elements are formed into an array. Array performance will be 
considered in regard to important variables, in particular, the spacing of the 
elements. 

ANTENNA CONFIGURATIONS 

Alternative configurations possible for MST radar antenna are the 
following: coaxial col linear array; discrete dipole array; Yagi array; dish 

antenna; and short backfire array. 

COAXIAL COLLINEAR ARRAY 


A col linear antenna (BALSLEY and ECKLUND, 1972) is constructed of a series 
of half wavelengths of coaxial cable that have been connected together by 
electrically interchanging the inner and outer conductors at each junction. A 
half-wave dipole has a length higher than 0.5X to compensate for the propaga- 
tion velocity of the cable (0.67X for RG-8 cable). The number of dipoles in a 
col linear antenna could be any even number and typical cases are 26-element, 16- 
element etc. 


The col linear antenna (BALSLEY and ECKLUND, 1972), by virtue of its 
construction ot large numbers of radiators, inherently has high directivity in 
the plane ot the antenna. A 26-element col linear antenna has shown a 
theoretical beam width of 5.6° at 49.8 MHz. The directivity in the plane per- 
pendicular to the col linear antenna is isotropic, as applicable in the case of 
any dipole. 


The radiation pattern of a col linear antenna of n halfwave dipoles fed at 
the center summetrically (BALSLEY and ECKLUND, 1972) is expressed as 
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Where 0 is the angle froa^the broadside axis, A K the amplitude of K element 
from the center and - Cy-)d sin0 , d being distance between elements. 

The collinear antenna when built into an array, as done in the case of 
Sunset (GREEN et al., 1981), Poker Flat radars (BALSLEY et al., 1981) of M X N 
elements produces a directive pattern on the broadside of the array. The array 
pattern is obtained from a product of the element pattern and the array space 
factor. The array space factor (ALLMAN and BOWHILL, 1976) is given by 
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S xy S x S y H sin(4> x /2) N 

The spacing elements in the plane of the collinear antenna does not provide 
much scope for adjustment. In the plane perpendicular to the antenna elements, 
the spacing should be decided from consideration of the following factors: 

(1) A close spacing, say 0.5X or less, would result in strong mutual coupling 
leading to large impedance variations. Also, the array area for a given number 
of elements and hence the directivity, would be reduced. 

(2; A large spacing, say 1.0X or higher causes generation of grating lobes and 
limits the angle of steerability. 

A spacing between 0.5X to 1.0X is considered acceptable in practical 
situations and 0.6X to 0.8X may be deemed as optimum (KRAUS, 1950). 

Further, spacing of the dipole from the ground influences the directivity 
and impedance. For a half-wave dipole, highest directivity (KRAUS, 1950) is 
realised for spacings between 0.1X and 0.2X, although the bandwidth will be 
narrow and the input impedance will be sensitive to ground variations, for such 
spacings. A spacing of X/4 is considered optimum from considerations of good 
bandwidth, tolerance to ground undulations and minimum reflector losses. When 
wide-angle steerability is required, a spacing of 3X/8 can ensure better gain 
performance at wide angles (OLINER and MALECH, 1966). 

Directivity of an array of linear dipoles is also affected to some extent 
by mutual coupling. However, when the array is very large and dipoles are 
backed by a reflector, the effect of mutual coupling is negligible and the gain 
varies only by 0.1 dB from the value computed from the physical area of the 
array (DEVANE and DION, 1962). 

The directivity of the array also depends on the amplitude illumination of 
the elements. While a uniform illumination gives maximum directivity of unity 
but poor sidelobe level (theoretically 13.2 dB), a tapered illumination (KOSHY 
et al., 1983) can improve the sidelobe level by 6 to 8 dB, at the expense of re- 
duction in directivity of about 1 to 1.5 dB. 

DISCRETE DIPOLE ARRAY 

Dipoles, half-wave or full-wave, fabricated out of aluminum tubes form the 
basic element. The beam is isotropic in the plane perpendicular to the dipole 

and moderately directive in the plane of the dipole. The 3-dB beam width for 

half-wave and full-wave dipoles are 78° and 47°, respectively. 

An array of dipoles is constructed by arranging them collinear in columns 

and with several rows of such columns. Directivity of an array of dipoles is 

dependent on the number of elements in both planes, element directivity, spacing 
etc., the same way as in the case of the coaxial collinear antenna explained 
earlier. Excellent design details are provided by ALLMAN and BOWHILL (1976), 
BOWHILL and MAYES (1979), and MAYES and TANNER (1981) as part of their work on 
the Urbana MST radar. 

Both the coaxial collinear and discrete dipole arrays require two 
independent orthogonal arrays to produce polarization in E-W and N-S directions. 
In respect of steering, while collinear coaxial array is capable of steering 
only in the plane perpendicular to the dipoles, the discrete dipole array can be 
made to steer in orthogonal planes by providing suitable progressive phase 
shifts in both planes (MAYES and TANNER, 1981). 
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YAGI ARRAY 

Yagi antenna element is compact in hardware and provides a high directivity 
in both principal planes. A four-element Yagi antenna * as used in the SOUSY 
(CZECHOWSKY and MAYER, 1980) and MUR (FUKAO et al., 1980) gives a gain of 8.7 
dB. 


When formed into an array, the Yagi type requires a lesser number of 
elements in comparison to the dipole type, for realising a given directivity. 

The array directivity depends on the number of elements and is computed by the 
standard pattern multiplication method. The Yagi array, owing to the directive 
element pattern and discrete-element aperture available to illumination taper, 
can ensure low sidelobes (FUKAO et al. , 1980), 

The effect of spacing of elements on directivity of a Yagi array is 
governed by similar considerations as in dipole arrays. At close distances, 
where mutual coupling would be significant, the element factor generally 
sharpens so as to improve the directivity in low-elevation angles (FUKAO et al., 
1980). 

DISH ANTENNA 

v 

The dish antenna is a single element antenna consisting of a large 
parabolic reflector and a prime-focus or cassegranian feed system. 

The directivity of the dish antenna depends primarily on the aperture area 
of the reflector (SILVER, 1949) and the gain is expressed by 


X 


where K is the antenna efficiency which is the product of a number of efficiency 
factors considering losses due to aperture illumination, spillover, blockage, 
surface error, VSWR, cross polarization, etc. By proper control of the feed 
Illumination, very low sidelobe levels can be achieved in dish antennas with 
moderate loss of gain. 

The only 1 spacing* involved in dish antennas is that of the feed which is 
required to be at a unique position, namely, the focus of the reflector for 
optimum directivity. Movement of the feed in the focal plane perpendicular to 
the axis of the dish gives rise to steering of the beam. 

SHORT BACKFIRE ANTENNA 

The short backfire antenna (EHREN SPECK, 1965; EHREN SPECK and STROM, 1977) 
is a compact high-gain element, consisting of a slotted dipole feed, a reflector 
disc of diameter 0.5 A and a circular planar reflector with a rim of width 0.5 A. 
For a planar reflector diameter of 2 A, this antenna gives a gain of 15.1 dB. 

In an array, the high element gain of the SBF antenna gives the advantage 
of high array directivity for a small number of elements. A 16 x 16 uniform 
array of 2 circular SBF antennas can realise a gain of 39 dB (PHYSICAL RESEARCH 
LABORATORY, 1981) 

Nevertheless, the inter-element spacing of 2A required in such an array 
would produce grating lobes at 30° and 90° from the array axis and hence would 
result in high sidelobe levels at these angles. Good sidelobe levels, better 
than 20 dB, can be achieved by reducing the element spacing to 1A (EHREN SPECK 
and STROM, 1977). Consequent to this, the gain of the 16 x 16 element array 
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would, however, reduce to around 34 dB. 

CONCLUSION 

In the foregoing sections, a brief recapitulation is given of the 
directivity and related features of the various elements available for realizing 
an optimum antenna for MST radar. The actual choice of a particular element and 
array configuration should, however, be based not only on directivity but also 
on a number of other considerations as mentioned in the first paragraph of this 
paper . 
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APPENDIX 

COAXIAL COLL INEAR ANTENNA ARRAY 


ELEMENT PATTERN 
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MAXIMUM GAIN OR DIRECTIVITY OF ARRAY 
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Where there is no radiation below the ground plane. 


DISCRETE DIPOLE ANTENNA ARRAY 


ELEMENT PATTERN 
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MAXIMUM GAIN OR DIRECTIVITY OF ARRAY 
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where there is no radiation below the ground plane. 
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YAGI ARRAY 


ELEMENT PATTERN 
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Where there is no radiation below the ground plane 


DISH ANTENNA 


FIELD PATTERN 
E plane: 
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C “ free space impedance, 
0 ’ = 2 tan - 


P - 


.,1 u . 2 

4f 4- r 
4f 


e 

ry 

Gain 


2 2 
(sin 4> f cos8* + cos 

/l - sin^ 1 sin^6 

kf^) 


ill 


Where ! k ! is efficiency. 


SHORT BACKFIRE ANTENNA ARRAY 


ELEMENT PATTERN 
E-plane 

E 0 = I e (A, 6) sin^ 

H- plane 

E^ = X H ( A,e') c os<t> 
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where 0 f - 0 - 90° 

A = — is the electrical aperture radius > physical aperture radius 
ARRAY FACTOR 


sin(M^ x /2) 

1 

sin(I 11) 

sinOj^/2) 

N 

sin(^ y /2) 
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Where there is no radiation below the ground plane 



